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© Acceierometer. 



© A plate-shaped reference mass member (13) is 
supported to a support member 11 through an elas- 
tic hinge (12). An electrode (21) is disposed on one 
surface of the reference mass member (13). An 

edtothe 



electrode (22) spaced apart from and 
electrode (21) is supported to the support member 
(11). A capacitor (22) formed by the electrodes (21) 



FIG. 2 



and (22) is connected to form a part of an oscillation 
circuit (24). The oscillation frequency of the oscilla- 
tion circuit (24) is counted by a counter (27). A 
subtracter (29) calculates the difference between the 
counted value and a count value stored in a register 
28 when no acceleration is applied. The difference is 
output as a detected acceleration being applied. 
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BACKGROUND OF THE INVENTION 

The present invention r lates to an accelero- 
m ter for detecting an input acceleration by an 
oscillation frequency of an oscillator which vanes 
corresponding to an angular displacement of a 
r ference mass member which is supported by an 
elastic hinge. 

Fig. 1 shows the theoretical construction of a 
conventional oscillator output type digital accelera- 
tor which detects variations in frequencies. 

In the figure, one end of a plate-shaped refer- 
ence mass member 13 is supported by a support 
m mber 11 through an elastic hinge 12. One end 
of an oscillator 14 is connected to the other end of 
the reference mass member 13 in such a way that 
th y are perpendicularly disposed each other. The 
other end of the oscillator 14 is connected to the 
support member 11. Thus, the direction in which 
th oscillator 14 extends is perpendicular to the 
direction in which the rotation axis of the elastic 
hinge 12 extends. 

In this construction, when an acceleration is 
applied to the support member 11 in the direction 
of an input axis (namely, the longitudinal direction 
of the oscillator 14), an inertia) force takes place in 
th reference mass member 13. The direction of 
th inertia) force is reverse of the direction of the 
applied acceleration. The magnitude of the inertia) 
force is proportional to that of the applied accelera- 
tion. Thus, an angular displacement takes place 
around the elastic hinge 12. Consequently, the 
oscillator 14 connected to the reference mass 
m mber 13 is tensioned or compressed depending 
on the direction of the acceleration being applied. 

Since the oscillator 14 has a natural frequency 
which is a function of the tension or compression, 
the natural frequency of the oscillator 14 varies 
corresponding to the direction and magnitude of 
the acceleration being applied. On both surfaces of 
the oscillator 14, electrodes (not shown) are formed 
to oppose each other. The electrodes are con- 
nected to an electrical circuit (not shown) to form 
an oscillation circuit having an oscillation frequency 
of the natural frequency of the oscillator 14. By 
measuring the oscillation frequencies of the oscilla- 
tion circuit and detecting the variations thereof, the 
magnitude and direction of the acceleration being 
applied can be detected. 

Thus, the conventional oscillator type accelero- 
meter using the oscillator as a force converting 
lement largely depends on the performance of the 
oscillator. In addition, to allow the reference mass 
member to dump, the oscillator must be vibrated in 
air. Therefore, a special type oscillator must be 
developed. Moreover, the mounting error of the 
oscillator directly affects th accuracy of the out- 
put. Further, it is required to prevent a thermal 



stress from affecting the oscillator to cause an 
output error. To solve these problems, the mount- 
ing structure of the oscillator would inevitably be- 
com complicated. As a result, th size of the 
$ accelerometer increases and the production cost 
thereof rises. 

SUMMARY OF THE INVENTION 

io An object of the present invention is to solve 
the above-described problems and to provide a 
small, inexpensive, simple accelerometer having no 
special oscillator as a force converting element 
which detects a displacement of a reference mass 

75 member so as to output a frequency corresponding 
loan input acceleration. 

A first aspect of the present invention is an 
accelerometer comprising: a reference mass mem- 
ber supported to a support member through an 

20 elastic hinge and adapted to move corresponding 
to an acceleration being applied, a first electrode 
disposed on one surface of the reference mass 
member perpendicular to an acceleration sensing 
axis, a second electrode disposed on the support 

25 member in parallel with and opposed to the first 
electrode, an oscillation circuit having a capacitor 
formed by the first and second electrodes as an 
oscillation frequency defining element, and a cal- 
culating portion for detecting variation in oscillation 

30 frequency of the oscillation circuit and for output- 
ting the variation as a detected acceleration. 

A second aspect of the present invention is an 
accelerometer comprising a reference mass mem- 
ber supported to a support member through an 

35 elastic hinge and adapted to move corresponding 
to an acceleration being applied, first and second 
electrodes disposed on first and second surfaces 
of the reference mass member perpendicular to an 
acceleration sensing axis, third and fourth eteo 

40 trades disposed on the support member in parallel 
with and opposed to the first and second elec- 
trodes, respectively, a first oscillation circuit having 
a capacitor formed by the first and third electrodes 
as an oscillation frequency defining element, a sec- 

45 ond oscillation circuit having a capacitor formed by 
the second and fourth electrodes as an oscillation 
frequency defining element, and a calculating por- 
tion for detecting the difference between the os- 
cillation frequencies of the first and second oscilla- 

50 tion circuits and for outputting the difference as a 
detected acceleration. 

According to the present invention, when an 
acceleration is applied in the direction of the input 
axis and ther by a corresponding displacement 

55 takes place in th r ference mass m mber, the 
capacitance created between th opposed elec- 
trodes of the r f r nee mass rn mber increases or 
decreases. Consequently, the oscillation frequency 
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of the oscillation circuit which oscillates at a fre- 
quency in accordance with the capacitance, varies 
and the variation in oscillation frequency is ob- 
tained as an output corresponding t the input 
acceleration. 

These and other objects, features and advan- 
tages of the present invention will become more 
apparent in tight of the following detailed descrip- 
tion of best mode embodiments thereof, as illus- 
trated in the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a side view showing the construction of 
a conventional acceierometer, 
Fig. 2 is a schematic and circuit diagram show- 
ing an acceierometer according to a first em- 
bodiment of the present invention; 
Rg. 3 is a schematic and circuit diagram show- 
ing an acceierometer according to a second 
embodiment of the present invention; and 
Ftg. 4 is a circuit diagram showing another ex- 
ample of an oscillation circuit 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 2 shows an acceierometer according to a 
first embodiment of the present invention, in the 
figure, the portions corresponding to those in Fig. 1 
are denoted by simitar reference numerals. In this 
embodiment, a first electrode 21 is disposed on 
one surfaces of a plate-shaped reference mass 
member 13 which is perpendicular to an input axis 
15. A second electrode 22 is dsposed on a sup- 
port member 11. The electrode 22 is opposed in 
parallel with and spaced apart from the electrode 
21. 

The pair of electrodes 21 and 22 form a ca- 
pacitor 23. The capacitance of the capacitor 23 is a 
function of a relative distance between the elec- 
trodes 21 and 22. In other words, when the dis- 
tance between the electrodes 21 and 22 which 
form the capacitor 23 becomes large, the capaci- 
tance of the capacitor 23 decreases. In contrast, 
when the distance between the electrodes 21 and 

22 becomes small, the capacitance of the capacitor 

23 increases. 

In addition, the reference mass member 13 
works as a pendulum. When an acceleration is 
applied to the support member 11 in either direc- 
tion of the input axis 15, an angular displacement 
takes place in the reference mass member 13 and 
thereby the capacitance of the capacitor 23 formed 
by th pair of lectrodes 21 and 22 varies. In other 
words, the referenc mass member 13 serves to 
convert an input acceleration to a variation in ca- 
pacitance. 



Am oscillation circuit 24 oscillates with the ca- 
pacHance of the capacitor 23 formed by th pair of 
electrodes 21 and 22 as a capacitance load. In 
other words, the oscillation circuit 24 serves to 

5 convert the variation In capacitance into a variation 
in oscillation frequency. In this embodiment, as an 
example of the oscillation circuit 24, a known Col- 
pitis oscillation circuit is formed by a C-MOS in- 
verter oscillation circuit utilizing such a piezo-elec- 

io trie device 25 as a crystal oscillator which is con- 
nected in parallel with the capacitor 23. An inverter 
INV, acts as an inverting amplifier, the output of 
which is fed back to the input thereof through a 
feed-back resistor R. An inverter INV 2 acts as a 

ts buffer. The output of the inverter INV 2 is connected 
to a calculating portion 26. The calculating portion 
26 comprises a counter 27, a register 28, and a 
subtracter 29. The counter 27 counts the number 
of pulses of the oscillation output from the ostilla- 

30 tion circuit 24 in a predetermined period of time. 
The register 28 stores a counted value F 0 m the 
condition that no acceleration is applied. The sub- 
tracter 29 calculates the difference between the 
counted value F of the counter 27 and the counted 

25 value Fo stored in the register 28 (namely. AF = F 
-F 0 ). 

In this construction, when an acceleration is 
applied to the support member 11 in the downward 
direction of the input axis 15, an inertia! force is 

so applied to the reference mass member 13 in the 
upward direction of the input axis 15. The mag- 
nitude of the inertial force is proportional to that of 
the applied acceleration. Thus, an angular displace- 
ment takes place around the elastic hinge 12 of the 

35 reference mass member 13 in the upward direction 
of the input axis 15. Consequently, the capacitance 
of the capacitor 23 formed by the electrodes 21 
and 22 increases and thereby the oscillation fre- 
quency of the oscillation circuit 24 which oscillates 

40 with the capacitance serving as the load capaci- 
tance decreases. The register 28 stores the fre- 
quency Fo counted by the counter 27 in the con- 
dition that no acceleration is applied. The oscilla- 
tion frequency F in the condition that an accelera- 

45 tion is applied is measured by the counter 27 of 
the calculating portion 26. The difference between 
the measured value F and the value F 0 stored in 
the register 28 (namely, AF = F - Fo) is calculated 
by the subtracter 29. With the difference AF 

50 (namely, the frequency variation being detected), 
the magnitude and direction of the acceleration 
being applied are detected. 

On the other hand, when an acceleration is 
applied to th support member 11 in th upward 

55 direction of the input axis 15, an inertial force in the 
downward direction of the input axis 15 takes place 
in th r fer nee mass m mber 13. Th magnitude 
of the inertial force is proportional to the magnitude 
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of the acceleration being applied. Thus, an angular 
displacement in the downward direction of the input 
axis 15 takes place around th elastic hinge 12 in 
th reference mass member 13. Consequently, the 
capacitance of the capacitor 23 decreases and 
th reby the oscillation frequency of the oscillation 
circuit 24 increases. Thus, the magnitude and di- 
rection of the acceleration being applied are de- 
tected. 

Fig. 3 shows the construction of an acceiero- 
meter according to a second embodiment of the 
present invention. In the figure, for the sake of 
simplicity, the portions corresponding to those in 
Fig. 2 are denoted by the similar reference nu- 
merals. 

In this embodiment, another electrode 31 is 
disposed on a surface of the reference mass mem- 
ber 13 opposite the electrode 21. The reference 
mass member 13 is supported by the support 
member 11. An electrode 32 b disposed on the 
support member 11 in such as way that the elec- 
trode 32 is opposed in parallel with and spaced 
apart from the electrode 31 to form a capacitor 33. 
When no acceleration is applied, the capacitance of 
th * capacitor 33 is the same as that of the capaci- 
tor? 23. In the acceierometer, another oscillation 
circuit 34 is also provided. The oscillation circuit 34 
oscillates with the capacitance of the capacitor 34 
serving as a load capacitance. As with the oscilla- 
tion circuit 24, the oscillation circuit 34 is a C-MOS 
inverter oscillation circuit using a piezo-electric de- 
vice 25. The construction of the oscillation circuit 
34 is the same as that of the oscillation circuit 24. 
The capacitor 33 is connected in parallel with the 
piezo-etectric device 25 of the oscillation circuit 34. 
The outputs of the oscillation circuits 24 and 34 are 
connected to a calculating circuit 36. The calculat- 
ing circuit 38 comprises counters 27 and 37 and a 
subtracter 29. The counters 27 and 37 count the 
number of pulses of the oscillation outputs from the 
oscillation circuits 24 and 34 in a predetermined 
period of time, respectively. The subtracter 29 cal- 
culates the difference between frequencies Fi and 
F 2 ' which are counted by the counters 27 and 37 
(namely, AF = F 2 - Ft), respectively. 

In this construction, when an acceleration is 
applied to the support member 11 in the downward 
dir ction of the input axis 15, an inertia! force in the 
upward direction of the input axis 15 takes place in 
the reference mass member 13. Thus, an angular 
displacement in the upward direction of the input 
axis 15 takes place around the elastic hinge 12 in 
the reference mass member 13. Consequently, the 
capacitance of the capacitor 23 formed by th 
electrodes 21 and 22 increases. In contrast, th 
capacitance 33 formed by the lectrodes 31 and 
32 decreases. As a result, the oscillation frequency 
of the oscillation circuit 24 which oscillates with the 



capacitance of the capacitor 23 decreases, where- 
as the oscillation frequency of the oscillation circuit 
34 which scillates with the capacitance of th 
capacitor 33 increases. The oscillation frequenci s 

5 Fi and F 2 of the oscillation circuits 24 and 34 are 
counted by the counters. 27 and 37, respectively. 
The difference between both the counted values 
(namely, AF 3 Fi - Fi) is calculated by the sub- 
tracter 29. Thus, an output corresponding to the 

10 input acceleration is obtained. 

When an acceleration in the upward direction 
of the input axis 15 is applied to the support 
member 11, the acceierometer operates in the re- 
verse manner. Thus, the difference AF between the 

15 output frequencies of the oscillation circuits 24 and 
24 increases in reverse polarity. 

As described above, by detecting the differ- 
ence of the outputs of the oscillation circuits, the 
sensitivity of the acceierometer can be doubled. In 

20 addition, the fluctuation of the oscillation frequen- 
cies due to temperature changes can be mini- 
mized. 

In Figs. 2 and 3, the CoJprtts oscillation circuits 
as the oscillation circuits 24 and 34 were exempli- 

25 tied. However, it should be noted that instead of 
such circuits, other oscillation circuits may be 
used. Fig. 4 shows an example of an oscillation 
circuit using a Schmitt trigger circuit. In the figure, 
reference numeral 41 is an oscillation circuit The 

30 oscillation circuit 41 comprises a Schmitt trigger 
circuit 38, a feed-back resister R, and an inverter 
INV 2 . The Schmitt trigger circuit 38 is a commer- 
cially available IC chip. The feed-back circuit R 
feeds the output of the Schmitt trigger circuit 38 

35 back to the input thereof. The inverter INV 2 is a 
buffer. The oscillation circuit 41 oscillates with a 
frequency determined by only the capacitance of 
the capacitor 23 or 33 connected to the input of the 
Schmitt trigger circuit 38. The oscillation circuit 41 

40 does not use the piezo-electric oscillator 25 unlike 
with the first and second embodiments shown in 
Figs. 2 and 3. Thus, the sensitivity and frequency 
linearity against the input acceleration of this os- 
cillation circuit 41 are superior to those of the 

45 second and third embodiments. 

As described above, according to the present 
invention, the displacement of the reference mass 
member corresponding to the input acceleration is 
detected as a variation in capacitance of the ca- 
se pacitor. Thus, the acceierometer can be simply 
constructed, thereby reducing the size and produc- 
tion cost thereof. Particularly, when the differential 
measuring mechanism shown in Fig. 3 is em- 
ployed, th acceierometer according to th present 

55 invention provides excellent temperature char act r- 
istics and high measurement accuracy. 

Although the present invention has been shown 
and described with respect to a best mode en> 
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bodim nt thereof, it should be understood by those 
skilled in the art that the foregoing and various 
other changes, omission, and additions in the form 
and d tail th reof may be made therein without 
departing from the spirit and scope of the present 
invention. 

Claims 



1. An acceierometer comprising: w 

a reference mass member supported by a 
support member through an elastic hinge and 
adapted to move corresponding to an accel- 
eration being applied; 

a first electrode disposed on one surface is 
of said reference mass member perpentfcular 
to an acceleration sensing axis; 

a second electrode disposed on said refer- 
ence mass member, said second electrode 
being in parallel with and opposed to said first 20 
electrode; 

an oscillation circuit including a capacitor 
formed by said first and second electrodes as 
an oscillation frequency defining element; and 

frequency difference detecting means for 2s 
detecting a variation in oscillation frequency of 
said oscillation circuit and for outputting the 
variation as a detected acceleration. 

2. An acceierometer comprising: 30 

a reference mass member supported to a 
support member through an elastic hinge and 
adapted to move corresponding to an accel- 
eration being applied; 

first and second electrodes cfisposed on 35 
first and second surfaces of said reference 
mass member perpendicular to an acceleration 
sensing axis; 

third and fourth electrodes disposed on 
said support member in parallel with and op- 40 
posed to said first and second electrodes, re- 
spectively; 

a first oscillation circuit having a first ca- 
pacitor formed by said first and third elec- 
trodes as an oscillation frequency defining ele- 45 
merit; 

a second oscillation circuit having a sec- 
ond capacitor formed by said second and 
fourth electrodes as an oscillation frequency 
defining element; and 50 

frequency difference detecting means for 
detecting a difference between the oscillation 
frequencies of said first and second oscillation 
circuits and for outputting the difference as a 
d tected accel ration. 55 



oscillation circuit. 

4. The acceierometer as set forth in claim 2, 

wh r in said first and second oscillation 
circuits are Colpitis oscillation circuits. 

6. The acceierometer as set forth in claim 1, 

wherein said oscillation circuit comprises: 
a Schmitt trigger circuit whose input is 

connected to said capacitor; and 

a feed-back resistor for feeding the output 

of said Schmitt trigger circuit back to the input 

thereof. 

6. The acceierometer as set forth in claim 2, 

wherein said first oscillation circuit com- 



3* The accelerom t r as set forth in claim 1, 

wherein said oscillation circuit is a Colprtts 



a first Schmitt trigger circuit whose input is 
connected to said first capacitor, and 

a first feed-back resistor for feeding the 
output of said first Schmitt trigger circuit back 
to the input thereof, and 

wherein said second oscillation circuit 
comprises: 

a second Schmitt trigger circuit whose in- 
put is connected to said second capacitor; and 

a second feed-back resistor for feeding the 
output of said second Schmitt trigger circuit 
back to the input thereof. 

7. The acceierometer as set forth in claim 1 or 5. 

wherein said frequency difference detect- 
ing means comprises: 

counting means for counting the number 
of pulses of oscillation output from said oscilla- 
tion circuit; 

a register for storing the counted value of 
said counting means in the condition that no 
acceleration is applied; and 

subtraction means for calculating the dif- 
ference between the calculated value of said 
calculating means and the calculated value of 
said register. 

& The acceierometer as set forth in claim 2 or 6, 

wherein said frequency difference detect- 
ing means comprises: 

first counting means for counting the num- 
ber of pulses of oscillation output from said 
first oscillation circuit; 

second counting means for counting the 
number of pulses of oscillation output from 
said second oscillation circuit; and 

subtraction means for calculating th dif- 
fer nee between th counted vaJu of said first 
counting means and the counted valu of said 
second counting means. 
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